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Final Report on NASA Grant NAG 5-6039 

Exploring Asymmetries In Circumsolar En.to^l 
Winds, Disks, And Things That Go Clump In The Light 

SirS— ^ — c-lO^ervatory 

The aim of the NASA LTSA Grant ^AG was tr 

techniques for use in the analysis of data from .» ^ U > . ffi of the codes I have developed 

non*spheri Ca l circumstellar environmente. Th^to PP^ of topics covcrcd in the 

has opened many new research areas to me, as is 
bibliography. 

££ —mem tel. into the three broad categories summarise, belowi scattered light; radiative 

equilibrium; ionization equilibrium. dimensional running on Linear Cartesian 

The scattered light codes developed are fu y has been ma d e available to several 

and now spherical polar grids The Linear^ “ “ “ ^| dilkm lo simulating scattered light images 
collaborators and is now available via includes the effects of Doppler broadening 

from stellar and diffuse sources of cm ssion, the code Murce . sc atlerers-observer. This new 

on scattered lines due to bulk and hues in the Milky Way's Interstellar 

addition is being used for projects to model rota ,io„ curve8 . 

J ite “ a,ys,s “ d mod<i "" eof f “ rll, “ m, " e 

spectra and mid-IR imaging data hydrogen has been developed and applied 

A code that calculates the 3 lomza t galaxies Projects are underway to apply the 

to the study of the escape of ionizing rad, a ion from galaxies. J 

ionization code to the study of clumpy H II regions. 

Star Formation; Circumsolar Disks and signatures of the currently 

1 have published several theoretical papers invest! Iga g ^ of a photometric monitoring 

r,rrrrs 

r*-255fir ^ b “ n shapod v 

multiple outflows. rcRDsl from protoplanet ary disks have been 

Papers modeling the spectral energy jdiatr. evidence for grain growth within 

published. Our scattered light and SED P ^ Taurug . Autiga sourc es in terms of simple 

disks. We have also interpreted the range of 1 to further test and refine our 

disk evolution models. SIRTF surveys of clusters will wl „ be cxtemely useful for 

models and understanding of disk evolution. Our Monte c 
interpreting data from the SIRTF mission. 

Spectropolarimetry of Hot Star Winds ^ of mu i t i p le scattering on the emergent 

I have published a series of papers desen n b a l s0 developed techniques to 

polarization specta from rapidly ■*-««» ^tg combined optical spectropolarimetry and 
determine the geometry of Be star disk su bmitted g that describes a technique for using UV 
far-lR excess emission. A paper has within Bc star disks. We arc continuing to 

spectropolarimetry to determine ionization temperatures witn 


apply our modeling techniques to the large spectropolarimetric database obtained by the WUPPE 
mission and from the NASA funded spectropolarimeter at Pine Bluff Observatory. 

Resonant Line Scattering in Coronal Loops and Supernova Remnants 

With John Raymond (CfA) I have investigated the effects of resonant scattering of emission lines 

intenskv' 1 ^ 6 ° gy and mtenslty fro “ coronal loop structures. Our simulations show that 

ntensity variations across images are more uniform than optically thin simulations. In addition, 

pen mg on viewing angle, the mtensity may be lower or higher than that predicted from optically 
thin simulations due to scattering out of or into the line of sight. I have also applied this modeling 

SanS“( Johns Ho“£j S ° HST/STIS spectroscopy of supernovae remnants with Ravi 

,r„„ M ;:",T ntly 1 hav ' exte | nded the coronal mode * s to predicting X-Ray emission and variability 
rom cool star corona*. For this project I take coronal magnetic and plasma density models derived 
from analysis of Zeeman Doppler Imaging maps. The resulting X-Ray emission from the corTai 
plasma is calculated with my 3D Monte Carlo codes for comparison with time resolved X-Ray data 

This projKt 15 in co '“ n with Andrew c — 1 
Galactic and Extragalactic Astronomy and Cosmology 

With Terry Jones (Minnesota) I have investigeted polarization patterns in spiral galaxies due to 

The 1 m f ^“Tu 10 ?' t , hr0Ugh dust grains ali S ned b y la rge scale galactic magnetic fields 
The level of scattered Ha light in the Milky Way’s Warm Ionized Medium has been modeled in 

R 10n Tu«° n nt yn0ldS (Wlsconsin )- New data from the Wisconsin Ha Mapper (WHAM) 

“ USinS ‘ he “ liSh ‘ “* ““ “ “ velecity 

Together with Lynn Matthews (NRAO), we have used a combination of my Monte Carlo tech- 

niques and multi-color (BRUHK, Ha) imaging data to investigate the nature of the interstel- 

UGC yiT ( morph °‘y “ d kinematics) in the edge-on, low surface brightness (LSB) galaxy 

, in “ To" " e S ° me ° f ‘ he fal With sufflcient «*>«»» and signal-to-noise to ex- 
plore the low optical depths encountered in LSB galaxies. 

With Avi Loeb (Harvard) I have calculated the steady-state escape fraction of ionizing photons 

from disk galaxies as a function of redshift and galaxy mass. The sources of radiation are taken to 

be either stars embedded in the disk, or a central quasar. The predicted increase in the disk density 

ith redshift results in an overall decline of the escape fraction with increasing redshift. For typical 

P meters of smooth disks, we find that the escape fraction at z ~ 10 is < 1% for stars, but > 30% 

for mini-quasars. Unless the smooth gas content of high-redshift disks was depleted by more than 

universe 1 “T*?? , du ? to supernovae-driven outflows or fragmentation, the reionization of the 

universe was most likely dominated by mini-quasars rather than by stars. 

What’s Next . . . ? 

Now that my NASA LTSA has ended, I have been very fortunate to have obtained a faculty 
position a the University of St Andrews, Scotland. Here I am continuing to develop and extend 
le capabilities and scope of my Monte Carlo techniques. I have embarked upon collaborations with 
e cool star (Moira Jardine, Andrew Cameron) and star formation (Ian Bonnell, Phil Armitage) 
ZTu i” 1 7 S ' 1 menti0ned earlier - 1 have started making my Monte Carlo codes publicly 

US cofl http -// WW f W * Star ^- aad ac uk / kw25/. I have also ensured that my collaborations with 
US colleagues will continue. The fact that my office is a five minute walk to the first tee of the Old 
Course ensuies that I have a steady stream of visiting collaborators! 

the UsTf^h rr fi lly readinS T thiS rep0rt ’ rd like t0 thank NASA for fundin S m y research in 
the USA for the last five years. It was a fantastic experience, I learned lots, made so many friends 

and collaborators, and simply had a great time. I hope that I have lived up to my end of the deal 

through publishing papers and now making the codes publicly available. 
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